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Introduction

Late onset neonatal sepsis often presents as neonatal 

meningitis, which is inflammatory response cerebrospinal 

fluid and pia-arachnoid infection. High clinical suspicion, 

prompt diagnosis, immediate institution of therapy and 

early recognition and management of complications can 

make a huge difference in the neurological outcome as well 

as decreased mortality (1). Clinically it can be challenging 

to evaluate the severity, exact location, and degree of 

insult to the brain. Cranial sonography (CRS) is of utmost 

importance in evaluation of sick neonates at bedside due 

to its portability and is an excellent screening tool due 

to its non-ionizing properties. CRS has high accuracy in 

evaluating initial signs as well as complications of bacterial 

meningitis (2). MRI provides excellent image quality, but 

its clinical use in NICU’s is currently limited because of 

costs, logistic and safety issues. MRI and ultrasound are 

clearly complementary techniques. CT scan is often used in 
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a minor number of cases due to its disadvantages, including 

but not limited to ionizing radiation and need for sedation. 

Discussion

Technique

CRS is performed using a high frequency transducer 

often through an anterior fontanelle approach. Evaluation 

of infratentorial structures is limited with anterior 

fontanelle approach, due to their location away from 

the transducer, as well as due to inadequate assessment 

by echogenic tentorium. Alternative acoustic windows 

include posterolateral (mastoid) fontanelle approach, lateral 

(temporal) fontanelle approach, lambdoid (posterior) 

fontanelle, and foramen magnum approach. Images should 

be symmetrical and should be obtained in at least five 

coronal and five sagittal planes. The depth gain and time 

gain compensation (TGC) setting should be adjusted 

accordingly in the initial images to produce an image filling 
the sector, containing cranial contours. All precautions 

must to be made to avoid acquiring too bright or too dark 

images. Evaluation of superior sagittal sinus is performed 

using a high frequency linear probe in a coronal plane 

via the anterior fontanel. If this should fail, the amount 

of pressure, on the fontanelle, should be reduced. High 

frequency linear probe is of utmost importance for detailed 

visualization of superficial structures (meninges, arachnoid 
and subdural space, cortex) and also tangential vessels in 

the subarachnoid space (3). Color Doppler interrogation 

is helpful in various clinical scenarios, especially when 

screening for patency of intracranial vessels. These things 

should be kept in mind while performing color Doppler, 

image should be magnified, color gain should be adjusted to 
decrease the artifacts from tissues and to increase the signals 

from vessels. The color box should be limited to the area 

of interest. Flow velocities and flow indices in intracranial 
vessels can be evaluated. Power Doppler should be used to 

interrogate smaller vessels where direction of flow can be 

ignored. 

Etiopathogenesis

Bacteremia leads to CNS infection via seeding of choroid 

plexus, resulting in infection of CSF and subsequently 

ventriculitis (Table 1). This is usually followed by infection 

of the pia and arachnoid mater including the vessels 

traversing the subarachnoid space. The inflammatory 

response involves phagocytic cells and inflammatory 

cytokines (IL-1, IL-6 and TNF-α), culminating in increased 

membrane and vessel wall permeability, causing formation 

and accumulation of inflammatory exudates within the 

sulci (4). Sonographically, increased gyral echogenicity 

seen in cases of parenchymal involvement is a direct result 

of arachnoiditis and subependymal gliosis, and can be 

encountered in the early phases of neonatal meningitis (5).

Sonographic findings (Table 2)

Normal scan

CRS may be normal in some early mild cases (Figures 1,2). 

In these cases, diagnosis is solely made on clinical and CSF 

findings. 

Echogenic sulci

Echogenic sulcus is a very subjective finding and is based on 
level of competence and experience of sonographer. This 

is the earliest and the most common finding in neonatal 

meningitis (Figure 3), which is due to increased thickness 

as well as echogenicity of the sulci (5,6). Sulcal thickness 

includes pia and arachnoid mater and should not normally 

be greater than 2 mm. Widening and increased echogenicity 

is due to accumulation of inflammatory exudate within the 
sulci, especially around the pia and arachnoid vessels (5). 

Occasionally, sulcal echogenicity can be a transient finding 
and can disappear with clearing of exudates and often 

are not prognostic (2). It is penultimate to differentiate 

increased gyral echogenicity, seen in meningitis with 

parenchymal abnormalities, from echogenic sulci, as 

Table 1 Etiology of neonatal meningitis

United States Developing countries

Group B streptococcus (GBS) Gram negative bacteria

Most common cause Most common cause

E. Coli Klebsiella

Listeria E. Coli

Staphylococcus aureus 

Less common Less common

Enterococci Enterobacter

Staphylococcus aureus Citrobacter

Serratia
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Table 2 Sonographic findings in neonatal bacterial meningitis

Findings Description Significance

Echogenic sulci Earliest finding; echogenic sulci; sulcal thickness >2 mm Often transient; no prognostic significance; 

differentiate from gyral echogenicity

Ventriculitis ↑Thickness, irregularity and echogenicity of ependyma; 

echogenic debris within ventricular cavity; 

Late stages: septae formation, compartmentalization, 

intraventricular cysts; 

Choroid plexitis: ↑echogenicity and irregularity of choroid plexus

Often a cause of lack of response to 

antibiotics; 

Choroid plexus: source of recurrent infection; 

Require long-term follow-up due to risk of 

hydrocephalus and recurrent infection

Ventriculomegaly/

hydrocephalus

Lateral ventricular width >11 mm at the level of body; 

periventricular hypoechogenicity due to periventricular ooze

Acute stage: due to ↑CSF production and 

↓absorption; 

Chronic stage:  

(I) Fibrotic obstruction;  

(II) Parenchymal atrophy (ex-vacuo dilatation)

Parenchymal changes Increased parenchymal echogenicity: 

(I) Focal: focal cerebritis, abscess, infarct, hemorrhage; 

(II) Diffuse: cerebritis (earliest parenchymal change); 

Abscess: 

(I) Early: ill-defined area of altered echogenicity with increased 

vascularity; 

(II) Late: well-defined hypoechoic lesion with hyperechoic rim, 

may show septae and debris within abscess cavity

Differentiate early abscess from infarcts which 

show loss of gyral morphology and ↓or absent 

vascularity; 

Differentials: 

cystic neoplasm; periventricular and arachnoid 

cysts, porencephalic cysts 

Subdural effusions and 

empyema

Increased extra-axial spaces; high frequency linear transducer 

along with color Doppler helps differentiates subdural effusion/

empyema from benign enlargement of the subarachnoid space

Often it is difficult to differentiate subdural 

empyema (rare nowadays) from subdural 

effusions (common occurrence)

Figure 1 Mid-anterior coronal cranial ultrasound scan of a normal full term neonate (A) through the anterior fontanelle using a 7.5 MHz 

transducer at the level of Sylvian fissures (white arrows) shows normal frontal horns of lateral ventricles (FLV) (yellow arrows), midline falx 
(green arrows) and normal temporal lobes (marked as T); (B) posterior coronal scan shows the trigone of lateral ventricles (red arrows) with 

normal echogenic choroid plexus within it. Dotted blue lines show the anterior boundary of posterior fossa (marked as P). Dotted green arc 

outlines the occiput. Laterality is marked for the ease of understanding. 

A B



126 Gupta et al. Neonatal CRS: ultrasound findings in neonatal meningitis

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2017;7(1):123-131qims.amegroups.com

parenchymal changes carry poor prognostic implications (5). 

Ventriculomegaly

Enlargement of ventricles or ventriculomegaly occurs 

during acute phases of bacterial meningitis due to increased 

production as well as decreased CSF absorption, with 

resultant increased intraventricular pressure. Size of 

ventricles is evaluated either by using qualitative grading (7)  

or by measuring the mean width of lateral ventricle, at the 

level of body of the lateral ventricle, which is normal up to 

11 mm in a full term neonate (8). Ventricular size can be 

divided mild, moderate, marked ventriculomegaly (Figure 4).

In acute settings, inflammatory exudate increases the 

intraventricular volume and pressure, hampering normal 

absorption of CSF by arachnoid villi. In chronic stages, 

ex-vacuo hydrocephalus is seen in patients with diffuse 

parenchymal atrophy and subsequent cerebral atrophy. 

Ependymitis and choroid plexitis also adds to increased CSF 

production. In next 5–7 days, neutrophils in the exudates are 

replaced by fibroblasts accelerating formation of septations 
and intraventricular compartmentalization with resultant 

CSF outflow obstruction, most commonly at aqueduct 

of Sylvius and foramen of Luschka and Magendie (9).  

In chronic phases, ventricular enlargement occurs 

predominantly due to parenchymal atrophy, often with 

normal intraventricular pressure. CRS is an easy and reliable 

tool for detection of ventriculomegaly and can help to 

ascertain the level of obstruction (5,10). Ventriculomegaly 

may be reversible in the acute setting; however, there 

are higher chances of progression, if there are associated 

parenchymal abnormalities.

Ventriculitis 

Sonographically ventriculitis is identified as increased 

thickness, irregularity and increased echogenicity of the 

ependyma (Figure 6). Low level internal echoes within the 

ventricular cavity represent intraventricular inflammatory 

exudates (Figure 7). Ependymal irregularity occurs due 

to denudation of small segments of ependyma, resulting 

in segmental glial proliferation. In long standing cases, 

the inflammatory exudate may undergo organization into 

strands and fibrous septae (Figure 6). Septae are composed 

of denuded and detached segments of ependyma and 

can result in intraventricular compartmentalization and 

Figure 2 Sagittal midline (A), right (B) and left (C) parasagittal cranial ultrasound scans in a normal full term neonate through anterior 

fontanelle and using a 7.5 MHz transducer. The corpus callosum (red arrows), third (white arrow) and the fourth ventricles (yellow arrow), 

cerebellum (blue outline) are seen in the midline. Thalamus (orange arrow), caudate nucleus (green outline), caudo-thalamic groove (light 

green arrows) and the lateral ventricles (white outline) are seen on parasagittal scans (B,C). 

Figure 3 Right parasagittal scan in a 24-day-old male neonate 

with group B streptococcus (using a 7.5 MHz transducer showing 

widened and echogenic cerebral sulci (yellow arrows). Note the 

normal lateral ventricle (white asterisk).

A B C
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Figure 4 Mid-anterior coronal ultrasound scans show ventriculomegaly (dilated ventricles) in three different neonates with bacterial 

meningitis. Ventriculomegaly can be graded as mild (orange arrow), moderate (white arrow), severe (green arrow). Note the low level 

internal echoes in image c are consistent with debris/pus within the ventricles. The scans were performed using 7.5 MHz transducer through 

anterior fontanelle approach. The neonate in (C) is the same neonate as in Figure 5. 

A B C

Figure 5 Coronal cranial sonography (CRS) image (A) using a 7.5 MHz transducer through anterior fontanelle in a 3-week-old full term 

neonate with streptococcus group B meningitis show suspicion of prominent frontal extra-axial spaces. Linear high frequency (B) ultrasound 

through the anterior fontanelle shows increased bifrontal extra-axial fluid with minimal debris on the right. Coronal (C) and right 

parasagittal (D) show compression of cortical vessels along the brain surface. This is a case of bifrontal subdural effusions with right subdural 

empyema, due to debris within it. It is often difficult to differentiate between subdural effusions or empyema. Color Doppler is useful in 
distinguishing between benign enlargements of subarachnoid space, in which the cortical vessels are surrounded by CSF.

BA

C D



128 Gupta et al. Neonatal CRS: ultrasound findings in neonatal meningitis

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2017;7(1):123-131qims.amegroups.com

as a consequence formation of intraventricular cysts and 

obstructive hydrocephalus (11). Increased echogenicity 

may also be seen in the periventricular region, due to 

subependymal infiltration of the inflammatory cells. 

Inflammation of the choroid plexus presents sonographically 
as increased echogenicity and irregularity. Clinically, 

ventriculitis and choroid plexitis can be the underlying 

cause of lack of adequate response to antibiotic therapy (12).  

This occurs because ventricles and the choroid plexus can 

serve as reservoirs of infection and may harbor bacteria even 

when lumbar puncture yields sterile cultures. Due to risk for 

recurrent infection, patients with ventriculitis and choroid 

Figure 7 Follow-up coronal (A) and slightly midline sagittal (B) ultrasound scans of the same neonate with E. coli meningitis as in Figure 8, 

using 7.5 MHz transducer shows interval increase in ventricular size (white asterisk) and low level internal echoes, with a fluid-debris level 
(yellow arrow). These finding should be interpreted as progression of disease process and is often attributed to failure of antibiotic therapy.

BA

Figure 6 Coronal (A) and right parasagittal (B) cranial ultrasound scans in a 14-day-old premature neonate with E. coli meningitis 

showing severe ventriculomegaly with thickened and echogenic ventricular walls, with intraventricular debris (white asterisk) and septae 

(white arrows). Coronal T1W post-contrast MR image (C) in the same patient show enhancing ventricular walls (yellow arrows), due to 

ventriculitis. Note that ultrasound has far better clarity in evaluating intraventricular contents when compared to MRI and thus predicting 

prognosis. FLV, frontal horns of lateral ventricle; TLV, temporal horns of lateral ventricle; 3, third ventricle.

A

B

C
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Figure 9 Contrast enhanced axial CT scan of the head of another 

3 weeks old neonate with streptococcus group B meningitis and 

hypoxic ischemic encephalopathy (HIE) shows left sided subdural 

effusion. Hyperdense gyri on the right are due to cortical laminar 

necrosis related to HIE (courtesy Dr. Shabnam Bhandari Grover, 

New Delhi, India).

Figure 8 Mid-anterior coronal cranial ultrasound in a 16-day-old 

full term neonate with streptococcus group B meningitis, using 

7.5 MHz transducer shows an extra-axial fluid collection (yellow 
asterisk), causing mass effect on the adjacent frontal convexity (red 

arrows). Note the midline shift to the left side (yellow arrows). 

Characterization of the extra-axial fluid is not possible with low 

frequency transducer; however the mass effect can be evaluated 

with. Linear high frequency transducer should be used to evaluate 

further in cases of extra axial fluid collection (EAFC), along with 
color Doppler interrogation. CT or MRI can be used for possible 

surgical planning. 

plexitis are recommended to undergo prolonged follow up as 

there is a risk for hydrocephalus and increased morbidity (9).

Extra axial fluid collection (EAFC)
Normally, the brain gyral surface over the convexities is 

not seen on sonography and the interhemispheric fissure 

is demonstrated as a linear echogenic structure (2). EAFC 

displaces the brain away from the vault so sonogram 

reveals detailed characterization of gyri, midline shift with 

falx deviation to the opposite side, and compression of 

ipsilateral lateral ventricle and dilatation of contralateral 

lateral ventricle (Figure 8). Internal echoes within EAFC 

signify empyema in the setting of bacterial meningitis (8). 

Subdural effusion is a common finding in infants with H. 

influenzae meningitis. High frequency linear ultrasound 

probe (12 MHz) should always be used in evaluation for 

EAFC, with color Dopple plays an important role in 

differentiating subdural effusions from benign enlargement 

of subarachnoid spaces (Figure 5). Rarely epidural empyema 

may also be seen (13). EAFC may be missed on while using 

a low frequency transducer (14). Small EAFC are better 

delineated on CT or MRI (Figure 9). 

Brain parenchymal findings

Parenchymal changes are seen due to penetration of the 

organisms from blood vessels into surrounding brain 

parenchyma (15). The vasculitis that ensues, causes 

infarction and subsequent liquefactive ischemic necrosis, 

particularly involves the white matter (2).

Sonographically, parenchymal changes are seen as 

areas of altered or increased echogenicity which may be 

diffuse as in cerebritis or focal as in infarction, abscess 

formation, hemorrhage or focal cerebritis (2,16). Cerebritis 

is usually the earliest manifestation of parenchymal brain 

infection. Unsuccessful treatment of cerebritis leads to 

abscess formation in advanced stages. Abscess formation 

in early stages can be seen as an ill-defined area of altered 
echogenicity along with increased vascularity on color 

Doppler interrogation (2). In advanced stages, it is seen 

as a well- defined hypoechoic area with a hyperechoic rim  
(Figure 10). In some cases, there may be hyperechoic 

septae and echogenic debris seen within the abscess cavity. 

It is crucial to differentiate early abscesses from ischemic 

lesions, as the sonographic appearance can be very similar; 

ill-defined area of altered echogenicity, perilesional edema 
and mass effect may be seen in both cases. Apart from 
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clinical correlation, an important differentiating feature on 

sonography is loss of gyral morphology due to associated 

vasogenic and cytotoxic edema in case of infarcts, along with 

decreased or absent vascularity within a vascular territory. 

On serial follow-up, infarcts may demonstrate gradual 

return of pulsations and development of cystic changes (17). 

Important differential diagnoses include cystic neoplasm, 

periventricular and arachnoid cysts, and porencephalic cysts 

(17,18).
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